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PROJECTION DISPLAY HAVING POLARIZATION COMPENSATOR 

BACKGROUND OF THE INVENTION 

The present invention relates to a polarization 
5 compensator used to compensate for the depolarization 
effects due to geometric, thermal, and material 
birefringence in an optical system. An optical system 
that utilizes polarization as the means for contrast 
control will benefit from this method of 

10 compensation. 

It is well known that the polarization of light 
within an optical system is greatly influenced by the 
incident angle the light makes with respect to the 
different surfaces in the optical system. This results 

15 from the different Fresnel reflection coefficients for 
each polarization state. Polarization defects may be 
manifested as the "Maltese Cross" or thermal 
birefringence . 

For example, in one optical system such as a 

20 liquid crystal light valve projector, an illumination 
source shines light onto a polarizer that reflects s 
polarized light to a liquid crystal display (LCD) panel, 
also referred to as a liquid crystal light valve (LCLV) . 
If the LCD is fully activated, then the LCD converts the 

25 s polarized light to p polarized light after it is 

reflected by a dielectric mirror behind the LCD. The p 
polarized light is reflected back to the polarizer, where 
it passes through the polarizer to the projection screen. 
If the LCD segment is not activated, then it does not 

3 0 change the polarization of the light and the light 

remains s polarized. The s polarized light is reflected 
back to the polarizing surface which in turn reflects the 
light back towards the illumination source. In a perfect 
system, 100% of the light reflected from the polarizer to 

35 the LCD is s polarized light. However, the polarizer 
does not reflect 100% s polarized light because of 
geometrically induced errors in the polarizer. Due to 
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the cone of light that is incident on the LCD, all of the 
light in the cone is not polarized in the s direction by 
the polarizer with respect to the LCD. There are small 
rotations in polarization direction due to the angle of 
5 incidence of the light directed onto the polarizing 

surface. In this situation a higher degree of twist in 
the polarization axis occurs for a ray with a higher 
angle of incidence. The direction of rotation of the 
polarization away from the ideal is dependent upon the 

10 angle of incidence of the ray. For example, a ray 

incident at 5° might rotate the polarization axis by 2° 
while a ray incident at -5° would rotate the polarization 
axis by -2°. 

The light rays with polarizations that have 

15 been slightly rotated away from the ideal are reflected 
by the dielectric mirror in the LCD and return to the 
polarizer with their polarization axis still slightly 
rotated. This causes a slight percentage of these rays 
to plunge into the polarizer instead of being reflected 

2 0 by the polarizer. This small percentage of light is then 

projected onto the projection screen. Thus, when the LCD 
is completely off or inactivated, a small percentage of 
the light reflected off the LCD will not be completely 
polarized in the s direction with respect to the 
25 polarizing surface. This causes unwanted light to pass 

through the polarizer and slightly illuminate the screen, 
causing the "dark" state to be slightly illuminated which 
reduces the contrast ratio of the projection system. 

Another problem associated with a dark or off 

3 0 state of the LCD projector is the problem of 

birefringence introduced by thermal gradients across the 
counter electrode substrate. The LCD itself, including 
the substrate, is packaged in an anodized aluminum case 
to reduce reflections that cause unwanted light 
35 scattering. Thus, light striking the case holding the 

LCD is absorbed, creating heat in the LCD package. This 
heat is transferred to the counter electrode substrate 



which causes the temperature to rise in the substrate, 
creating a thermal gradient across the substrate. This 
thermal gradient creates birefringence, causing the dark 
state or off state of the LCD to be "lighter" than 
desired. Therefore, when the LCD is completely turned 
off, what should be a totally black screen will actually 
have some light projected on the screen, causing the 
screen to appear gray instead of a deep black. 
Therefore, it would be desirable to eliminate the 
birefringence caused by the thermal gradients across the 
counter electrode substrate and thereby improve the 
contrast ratio by making the dark or off state of the LCD 
appear black instead of gray on the projection screen. 

The primary conventional approach to 
polarization compensation is to use a birefringent film, 
typically quarter wave retardation films for reflective 
LCD panels and half wave retardation films for 
transmissive LCD panels. Examples of such systems 
include U.S. Patent No. 5,459,593 and U.S. Patent No. 
5,576,854. However, this is only a partial solution to 
the problem, because this approach does not fully 
compensate for all of the different off -axis rays, and 
slightly different polarization states and orientation 
that is caused by the optical components in the system. 
In addition, because this system is passive, i.e. the 
retardance value of the film is fixed, the retardance 
cannot be changed to correct for current operating 
conditions, or to optimize performance of the system. 

What is therefore desired is a projection 
display having a polarization compensator that is capable 
of providing improved polarization correction, that 
improves the contrast of the projection display system 
without sacrificing brightness, that corrects local 
polarization defects, and that allows an active 
correction of polarization defects to optimize correction 
of polarization defects based on current operating 
conditions . 



BRIEF SUMMARY OF THE INVENTION 

The present invention overcomes the drawbacks 
of the prior art by providing a projection display system 
having a polarization compensator. The projection 
display system includes a light source, at least one 
polarizer, at least one liquid crystal panel, and a 
projection lens for projecting an image. The 
polarization compensator has a plurality of regions each 
having a respective birefringence. The birefringence of 
one of the regions is different than the birefringence of 
another of the regions. 

The present invention also provides a method 
for displaying an image. The method comprises the steps 
of providing polarized light, generating an image from 
the polarized light, correcting a plurality of 
polarization defects of the light by correcting at one 
location one polarization defect and correcting at 
another location another polarization defect, and 
projecting the image. 

The various aspects of the present invention 
have one or more of the following advantages. The 
polarization compensator is capable of correcting 
polarization defects on a local basis, in contrast to the 
prior art systems which allow only a single, uniform 
correction provided by a single, passive retardation 
film. By correcting polarization defects locally, the 
system achieves greater contrast without sacrificing 
brightness. The present invention also provides 
embodiments which allow the polarization defects to be 
corrected locally through the use of electronically 
controllable birefringence. This provides for greater 
control over the correction of polarization defects. It 
also allows the birefringence to be changed locally over 
time, so that the polarization defects can be changed as 
needed at different times. This also enables the use of 
a feedback mechanism to automatically adjust the 



polarization compensator to yield the best system 
contrast under all operational condition. 

The foregoing and other objectives, features, 
and advantages of the invention will be more readily 
understood upon consideration of the following detailed 
description of the invention, taken in conjunction with 
the accompanying drawings . 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

FIG. 1 is a schematic diagram of an exemplary 
embodiment of a projection display of the present 
invention. 

FIG. 2 is a front view of an exemplary 
embodiment of a polarization compensator. 

FIG. 3 is a front view of another exemplary 
embodiment of a polarization compensator. 

FIG. 4 is a side view of a light beam traveling 
left to right through an exemplary polarization 
compensator. 

FIG. 5 is a cross section of the light beam of 
FIG. 4 taken along the line 5-5. 

FIG. 6 is a cross section of the light beam of 
FIG. 4 taken along the line 6-6. 

FIG. 7 is a side view of a ray diagram of an 
exemplary projection display system. 

FIG. 8 is a schematic view of a conventional 
optical axis orientation of a liquid crystal device. 

FIG. 9 is a schematic view of an optical axis 
orientation of an exemplary polarization compensator of 
the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now to the figures, wherein like 
numerals refer to like elements, FIG. 1 shows an 
exemplary projection display 10 having a light source 12 
and three reflective liquid crystal display (LCD) panels 
14, 16, and 18, also referred to as liquid crystal light 
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valves. The light from light source 12 passes through a 
polarizing device 13, such as a polarization converter, 
so that the light entering the entrance pupil 70 is 
polarized. Dichroic filter 20 splits the light into two 
5 color components. For the sake of illustration only, 

dichroic filter 20 transmits red light while reflecting 
blue and green light. Referring to the path of the red 
light component, the red light then passes through 
polarizer 22 and enters polarizing beam splitter 24. One 

10 polarization component (e.g., the s polarized component) 
is reflected by the beam splitter 24 toward the LCD panel 
14, which generates a red image. The reflected image 
(now in the p polarization state) passes through the beam 
splitter 24 and through analyzer 26. The red light is 

15 then reflected by dichroic filter 28, and then 
transmitted through projection lens 30. 

Turning to the blue and green color components, 
these are reflected by dichroic filter 20 and pass 
through polarizer 32 that transmits only s polarized 

20 light. The light then passes through a selective color 
component rotator 34, that rotates one of the light 
components (e.g., blue) from one polarization state 
(e.g., the s polarization state) to another polarization 
state (e.g., the s polarization state). (Color component 

25 rotator 34 is a wavelength specific half-wave plate, and 
may be obtained from Color Link in Boulder Colorado or 
Cambridge Research and Instrumentation in Cambridge, 
Massachusetts.) Thus, the two color components (green 
and blue) entering the polarizing beam splitter 3 6 have 

30 different polarization states (e.g. s and p, 

respectively) . The polarizing beam splitter reflects one 
of the color components (green) and transmits the other 
(blue) . The light reflecting off of and passing through 
the polarizing beam splitter 36 is imaged using LCD 

35 panels 16 and 18. The green component image reflected by 
LCD panel 16 is transmitted through polarizing beam 
splitter 3 6 while the blue component image reflected by 
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LCD panel 18 is reflected by the polarizing beam splitter 
36. Both the blue and green components pass through 
another selective color component rotator 38 , so that the 
two color components again have the same polarization 
5 state. The blue and green color components then pass 
through an analyzer 40. The blue and green color 
components then pass through dichroic filter 28, where 
they are combined with the red color component and 
projected through projection lens 30. 

10 While an exemplary projection display 10 has 

been described, other projection display configurations 
that utilize LCD panels (reflective or transmissive) and 
polarizing devices may find utility with the present 
invention. Moreover, other color components, wavelength 

15 ranges, and polarization states may be used as desired. 

The key to the present invention is the 
inclusion in the projection display system 10 of one or 
more polarization compensators 50. FIG. 2 shows a 
preferred embodiment of polarization compensator 50 

20 having regions, preferably pixels 52, arranged in 

concentric fashion. Each pixel 52 has a respective 
birefringence. As polarized light passes through the 
various regions or pixels 52, the polarization of the 
light may be changed or adjusted depending on the 

25 birefringence of the particular pixel (or group of 

pixels) . As described above, polarization defects may 
accumulate in the polarized light as the light passes 
through the projection display system. The polarization 
compensator 50 corrects these polarization defects on a 

30 local basis (pixel-to-pixel) , thus having the ability to 
compensate more fully the different polarized light 
components that are incident to the polarization 
compensator. Thus, the polarization compensator 50 
corrects the polarization defects within the light on a 

35 localized basis. The polarization compensator also may 
be used to linearalize an elliptically polarized input; 
that is, correct defects that create elliptically 
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polarized light so that the light is either fully s or p 
polarized. 

FIGS . 4-6 illustrate this localized correction 
of polarization defects. FIG. 4 illustrates a polarized 
5 light beam 6 0 traveling from left to right through a 

polarization compensator 50. FIG- 5 is a cross section 
of the polarized light beam prior to correction of the 
polarization defects. The arrows 62 represent the 
polarization direction, whether p (straight up and down) 

10 or s (side to side) . -As can be seen, the light 62 at the 
center of the light beam is substantially in the p 
polarization state, but the light has polarization 
defects, in that the light beam 60 contains significant 
amounts of s polarization as one travels from the center 

15 to the lateral edges of the light beam, such as at 64. 
In addition, it is also seen that the polarization 
defects are not uniform, and thus would not be completely 
corrected using a traditional halfwave plate. 

FIG. 6 illustrates a cross section of the light 

20 beam 60 after passing through the polarization 

compensator 50. As can be seen, the polarization 
compensator did not change the polarization of the light 
62 1 at the center of the beam, but corrected those other 
portions containing s components, such as at 64 1 . As a 

25 result, the polarized light beam is substantially p 

polarized, without an appreciable loss of brightness. 

Referring again to FIG. 1, polarization 
compensator (s) 50 may be placed at any location in the 
projection display system 10 following polarization of 

30 the light. Suggested placement of the polarization 

compensator (s) 50 would be at the entrance pupil 70 or 
exit pupil 72 (illumination and projection aperture stop 
respectively) . Another possible location to place the 
polarization compensator 50 would be directly in front of 

35 the LCD imager panels 14, 16 and 18. Alternatively, the 
polarization compensator 50 could be built into the LCD 
imager panels 14, 16 and 18 themselves. Another possible 
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location is between the polarizer/analyzer pairs, such as 
after the polarizer 22 or before the analyzer 26. FIG. 1 
illustrates a variety of possible locations for 
polarization compensator (s) 50. Of course, the present 
5 invention may be used with only a single polarization 
compensator 50, the number shown in FIG. 1 being for 
purposes of showing possible locations only. 

A preferred location for the polarization 
compensator is the aperture stop. Referring now to FIG. 

10 7, there is one unique physical location in the optical 
system where the angular distribution of the light is 
directly related to its physical location. This place is 
known as the aperture stop, and is shown at 80 in FIG. 7. 
(For ease of illustration, FIG. 7 depicts a simplified 

15 projection display system utilizing a transmissive LCD 
imager panel 82, lenses 84, polarizer 86 and analyzer 
88.) Assuming a circularly symmetric optical system (as 
most systems are) the radial distance from the "center" 
of the aperture stop represents an increase in the angle 

2 0 of light that strikes the image or object planes. This 

is where the polarization compensator should be placed 
for the maximum polarization correction effect. Of 
course, the number and placement of polarization 
compensator (s) 50 will be determined by the projection 
25 display system architecture. 

Polarization compensators 50 may take any form 
in which the polarization compensator is capable of 
correcting polarization defects on a local or pixel-to- 
pixel basis. One preferred embodiment of a polarization 

3 0 compensator is one in which the polarization compensator 

50 is a transmissive liquid crystal device having 
electrically controlled birefringence. The pixels of the 
transmissive LCD would ideally have a concentric circular 
pattern (like a bulls-eye target), as shown in FIG. 2. 
35 Alternatively, a standard rectangular matrix pattern (or 
any other organization) for the pixels could be used, as 
shown in FIG. 3. The polarization compensator may have a 
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nominal retardance value of 2 78 nm (half wave for green 
light in single pass) and it could be compensated with 
film retardance in order to get a broadband optical 
response. The pixels can be individually controlled to 
5 have retardance values anywhere from 0 to 2 78 nm thereby 
enabling the polarization compensator to compensate for 
incident polarization states that are elliptical through 
90 degrees out of phase. Thus, the system may correct an 
elliptically polarized input that should instead be 

10 linearly polarized. 

In addition, a second parameter, the director 
orientation of the transmissive LCD panel of the 
polarization compensator, may be varied if a 
photolithography method is used in the cell construction 

15 of the polarization compensator. The director 

orientation controls the twist of the liquid crystals, 
and hence the degree of change in polarization of light 
passing through the LCD panel. Conventional mechanical 
rubbing processes used to make LCD panels produce uniform 

2 0 director orientations, as illustrated in the LCD panel 

50 1 FIG. 8. However, the alignment layer of an LCD panel 
may be patterned using photolithography, which allows the 
director orientations of the individual pixels to be 
varied on a pixel -by-pixel basis. FIG. 9 represents one 

25 such possible polarization compensator 50 in which the 
pixels 52 have varying director orientations 54. The 
combination of electronically controllable 
retardance/biref ringence and patternable director 
orientation for each pixel of a matrix allows for 

30 improved correction of the polarization orientation of 
the light in an optical system. 

The ability to electrically control the 
birefringence on a local, pixel by pixel basis, allows 
for several advantages. First, the polarization defects 

35 may be corrected in real time "on the fly." That is, the 
polarization compensator 50 may be adjusted to allow for 
optimal contrast while the projection display 10 is 
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operating, so that the polarization compensator 50 
accounts for polarization defects arising from current 
operating conditions. Second, the polarization 
compensator 50 may be used in conjunction with a feedback 
5 mechanism to automatically adjust the polarization 

compensator 50 to achieve optimum polarization defect 
correction. Referring to FIG. 1, the projection display 
system 10 may include a detector 90, such as a CCD, that 
is connected to the drive electronics 95 of the 

10 polarization compensator (s) 50. The detector 90 provides 
a signal to the polarization compensator 50 
representative of the image generated by the projection 
display system 10. Through the use of such a feedback 
mechanism, the projection display system 10 may through 

15 the drive electronics 95 automatically adjust the 
polarization compensator 50 to achieve the optimal 
performance of the system. 

It will be recognized that any value of 
retardance and pattern could have been selected and the 

20 location of the polarization compensator (s) 50 will be 
determined by the projection display system design. It 
will also be recognized that the ability to adjust only 
the localized birefringence and not the director 
orientation will provide better polarization correction 

25 than a single sheet of retardation film. In addition, 
where the polarization compensator 50 is an LCD, a 
variety of factors may be manipulated to alter the 
polarization characteristics of the transmitted light, 
such as the liquid crystal material itself, the cell gap 

3 0 separation, the director orientation, the degree of pre- 
tilt, and the pixel size. 

A second less costly embodiment of a 
polarization compensator 50 utilizes a passive 
birefringent plate in which the biref ringence/retardance 

35 values and/or director orientation of the respective 

pixels varies as a function of location on the plate, but 
in which the pixels are not electrically controllable. 
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Such a polarization compensator 50 would be constructed 
with prior knowledge of the values required to correct 
for the various polarization defects as well as the 
director orientation for each pixel location. 
5 Cholesteric liquid crystal techniques are well suited for 
these applications since they can be both locally 
patterned to have different birefringent values as well 
as have different director orientations for each pixel 
location on the plate. 

10 The terms and expressions which have been 

employed in the foregoing specification are used therein 
as terms of description and not of limitation, and there 
is no intention, in the use of such terms and 
expressions, of excluding equivalents of the features 

15 shown and described or portions thereof, it being 

recognized that the scope of the invention is defined and 
limited only by the which follow. 
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CLAIMS 



1. A projection display system, comprising: 
( a ) a 1 ight source ; 
5 (b) at least one polarizer; 

(c) at least one liquid crystal panel for 
generating an image; 

(d) a projection source for projecting said 
image ; and 

10 (e) a polarization compensator having a 

plurality of regions each having a 
respective birefringence, said 
birefringence of at least one of said 
regions being different than said 

15 birefringence of another of said regions, 



2. The projection display of claim 1 wherein 
said regions are arranged in a rectangular matrix. 

20 3. The projection display of claim 1 wherein 

said regions are arranged concentrically. 

4. The projection display of claim 1 having 
more than two regions . 

25 

5. The projection display of claim 1 wherein 
said polarization compensator is a transmissive liquid 
crystal device . 

30 6. The projection display of claim 5 wherein 

at least one of said regions has a director orientation 
that is different than another director orientation of 
another of said regions. 



35 7. The projection display of claim 1, further 

comprising an analyzer, and said polarization compensator 
is located between said polarizer and said analyzer. 
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8. The projection display of claim 1 wherein 
said polarization compensator is located at an aperture 
stop of said projection display. 

5 9. The projection display of claim 1 wherein 

said polarization compensator is built into said liquid 
crystal panel . 

10. The projection display of claim 1 wherein 
10 said polarization compensator is located at one of an 

entrance pupil and an exit pupil. 

11. The projection display of claim 1 wherein 
said polarization compensator is located adjacent to said 

15 liquid crystal panel. 

12. The projection display of claim 1 wherein 
each of said regions has electrically controlled 
birefringence . 

20 

13. The projection display of claim 12, 
further comprising a feedback mechanism to adjust said 
birefringence of said regions. 

25 14. The projection display of claim 12 wherein 

said birefringence of said regions is adjustable over 
t ime . 

15. The projection display of claim 1 wherein 
30 said birefringence of each of said regions is fixed. 



16. The projection display of claim 1, further 
comprising a plurality of liquid crystal panels. 
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17. A method for displaying an image, 
comprising: 

(a) providing polarized light; 

(b) generating an image from said polarized 
5 light; 

(c) correcting a plurality of polarization 
defects of said light by correcting at one 
location one polarization defect and 
correcting at another location another 

10 polarization defect where said correcting 

at said one location is different than 
said correcting at said another location, 
each of said locations being located in a 
plane that is substantially perpendicular 

15 to said light; and 

(c) projecting said image. 

18. The method of claim 17 wherein said 
locations correspond to pixels. 

20 

19. The method of claim 18 wherein said pixels 
are arranged in a rectangular matrix. 

20. The method of claim 18 wherein said pixels 
25 are arranged concentrically. 

21. The method of claim 17 wherein said 
polarization defects are corrected at more than two 
locations . 



30 



22. The method of claim 17 wherein said 
polarization defects are corrected using a transmissive 
liquid crystal device. 
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23. The method of claim 22 wherein said 
transmissive liquid crystal device has at least one pixel 
having a director orientation that is different than 
another director orientation of another pixel. 

5 

24. The method of claim 17, further comprising 
transmitting said light through an analyzer, and said 
polarization defects are corrected before said light is 
transmitted through said analyzer. 

10 

25. The method of claim 17 wherein said 
polarization defects are corrected at an aperture stop. 



26. The method of claim 17 wherein said 

15 polarization defects are corrected at a liquid crystal 
panel . 

27. The method of claim 17 wherein said 
polarization defects are corrected at one of an entrance 

20 pupil and an exit pupil. 
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28. The method of claim 17 wherein said 
polarization defects are corrected at a location adjacent 
to a liquid crystal panel. 



29. The method of claim 17 wherein said 
polarization defects are corrected by providing a 
polarization compensator having a plurality of pixels 
each having a respective birefringence, said 
30 birefringence of one of said pixels being is different 
than said birefringence of another of said pixels. 



35 



30. The method of claim 2 9 , further comprising 
electronically controlling said birefringence of said 
pixels . 
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31. The method of claim 17 further comprising 
the step of feeding back an output signal representative 
of said light in order to correct said polarization 
defects . 

5 

32. The method of claim 17 wherein said 
polarization defects are corrected at different times. 

33. The method of claim 27 wherein said 
10 birefringence of each of said pixels is fixed. 



18 

PROJECTION DISPLAY HAVING POLARIZATION COMPENSATOR 

ABSTRACT OF THE DISCLOSURE 
A projection display system includes a light 
5 source, at least one polarizer, at least one liquid 

crystal panel for generating an image, and a projection 
lens for projecting the image. The system includes a 
polarization compensator having a plurality of regions 
each having a respective birefringence. The 
10 birefringence of one of the regions is different than the 
birefringence of another of the regions. The 
birefringence of the various regions may be controlled 
electrically. 
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